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DESCRIPTION 



TRANSMITTER APPARATUS , RECEIVER APPARATUS, AND WIRELESS 

COMMUNICATION METHOD 

5 

Technical Field 

[0001] The present invention relates to a technique for 
improving frequency usage efficiency in wireless 
communication . 

10 

Background Art 

[0002] There are transmission methods for improving 
frequency usage efficiency known heretofore, including 
for example, methods for transmitting symbols of bock 

15 units using multiple antennas, such as with space-time 
block codes. This technique is disclosed, for example, 
in "Space-time Block Codes from Orthogonal Designs, " IEEE 
Transactions on Information Theory, pp. 1456-1467, vol.45, 
No. 5, July 1999. The content of this non-patent document 

20 1 will be described below with reference to the 
accompanying drawings . 

[0003] As shown in FIG.l, a transmitting apparatus has 
multiple antennas AN1 and AN2 and transmits signals at 
antennas AN1 and AN2 simultaneously. A receiving 
25 apparatus receives the multiple signals, transmitted 
simultaneously, by means of antenna AN 3 . 

[0004] FIG.2 shows the frame configuration of the signals 
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transmitted at antennas AN1 and AN 2 . Transmission signal 
A is transmitted at antenna AN 1 and at the same time 
transmission signal B is transmitted at antenna AN 2 . 
Transmission signal A and transmission signal B consist 
5 of symbol blocks, where the same symbols are arranged 
in repetition so as to achieve coding gain and diversity 
gain . 

[0005] This will be explained in further details. In 
FIG. 2, SI and S2 represent different symbols and the 

10 asterisk ("*") represents the complex conjugate. In 
space-time block coding, at time i, symbol SI is 
transmitted at first antenna AN 1 , and, at the same time, 
symbol S2 is transmitted at second antenna AN 2 . 
Subsequently, at time i + 1, symbol -S2* is transmitted at 

15 first antenna AN1 and at the same time symbol SI* is 
transmitted at second antenna AN 2 . 

[0006] At antenna AN 3 at the receiving apparatus, the 
signal combining transmission signal A, which has been 
influenced by channel fluctuation hi (t ) between antenna 

20 AN 1 and antenna AN 3 , and transmission signal B, which 
has been influenced by channel fluctuation h2 (t) between 
antenna AN 2 and antenna AN 3 , is received. 
[0007] The receiving apparatus estimates channel 
fluctuation hi ( t ) andh2(t), and, u t i 1 i z ing t he e s t ima t ed 

25 values, separates the received composite signal back to 
original transmission signal A and transmission signal 
B and thereafter decodes the individual symbols. 



[0008] Thereupon, the use of space-time block coded 
signals such as shown in FIG. 2 makes possible maxim ratio 
combining of symbols SI and S2 in spite of channel 
fluctuation hl(t) and h2(t), so that excellent coding 
gain and diversity gain are achieved. As a result, it 
is possible to improve reception quality. 

Non-Patent Document 1: "Space-Time Block Codes from 
Orthogonal Designs," IEEE Transactions on Information 
Theory, pp . 1 4 5 6- 1 4 6 7 , vol.45, No . 5 . July 1999. 

Disclosure of Invention 

Problems to be Solved by the Invention 

[0009] However, while the use of space-time block coded 
signals certainly improves reception quality, it also 
has a disadvantage of reducing the transmission rate. 
For example, SI* and -32% transmitted at time i + 1, are 
demodulated in the receiving apparatus as SI and S2, and 
are in effect the same information as SI and S2 transmitted 
at time i. That is, the same information is transmitted 
twice and this much the data transmission rate decreases. 
[0010] For example, in a general multi-antenna 
communications system, symbols S3 and S4 that are 
different from symbols Si and S2 are transmitted at time 
i+1, so that, during the period of time i and time i+1, 
four symbols S1-S4 can be transmitted. To put it simply, 
the use of space-time block coding techniques reduces 
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the data transmission rate to half that of general 
mult i -antenna communication . 

[0011] It is therefore an object of the present invention 
to further improve the data transmission rate in wireless 
5 communication. 



Means for solving the Problem 

[0012] One aspect of the transmitting apparatus of the 
present invention employs a configuration having: a 

10 baseband signal former that changes an assignment of a 
modulated signal to a plurality of slots in accordance 
with transmission data and makes baseband signals in 
varying channel matrix patterns in accordance with 
transmission data; a radio section that converts the 

15 baseband signals to radio signals; and a transmit antenna 
that transmits the radio signals. 

[0013] According to this configuration, channel matrix 
patterns are changed in accordance with transmission data, 
so that, in addition to the modulated symbols constituting 

20 the elements of the channel matrix, the patterns of the 
channel matrix can be used to transmit data. As a result, 
the amount of transmission data can be increased without 
widening the frequency band and frequency usage 
efficiency can be improved. 

25 [0014] One aspect of the receiving apparatus of the 
present invention employs a configuration having: a 
channel matrix estimator that estimates a channel matrix 
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using a plurality of slots of data; and a transmission 
data estimator that estimates transmission data based 
on a data assignment pattern to the channel matrix. 
[0015] One aspect of the wireless communication method 
5 of the present invention includes the steps of: changing 
an assignment of a modulated signal to a plurality of 
slots in accordance with transmission data and making 
baseband signals in varying channel matrix patterns in 
accordance with transmission data, and transmitting the 
10 baseband signals; and estimating a channel matrix using 
a plurality of sots of data and estimating transmission 
data based on a data assignment pattern to the channel 
matrix . 

15 Advantageous Effect of the Invention 

[0016] According to the present invention, data is 
transmitted by channel matrix patterns, so that data 
transmission rate can be improved. 

20 Brief Description of Drawings 
[0017 ] 

FIG.l is a block diagram showing a configuration 
of a conventional multi-antenna communication system; 
FIG. 2 illustrates space-time block codes; 
25 FIG. 3 is a block diagram showing a configuration 

of a multi-antenna communication system according to 
Embodiment 1; 
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FIG. 4 is a block diagram showing a configuration 
of a transmitting apparatus according to Embodiment 1; 

FIG. 5 is a block diagram showing a configuration 
of a space-time block encoder; 
5 FIG.6A illustrates how signals are supplied to 

antenna AN1 when transmission data represents "0"; 

FIG.6B illustrates how signals are supplied to 
antenna AN 1 when transmission data represents "1"; 

FIG.7A illustrates how signals are supplied to 
10 antenna AN2 when transmission data represents "0"; 

FIG.7B illustrates how signals are supplied to 
antenna AN 2 when transmission data represents " 1 " ; 

FIG.8A illustrates a space-time block code pattern 
when transmission data represents "0"; 
15 FIG.8B illustrates a space-time block code pattern 

when transmission data represents "1"; 

FIG. 9 illustrates an actual frame configuration 
pattern ; 

FIG. 10 is a block diagram showing a configuration 
20 of a receiving apparatus according to Embodiment 1; 

FIG. 11 is a block diagram showing a configuration 
of a demodulator; 

FIG. 12 is a block diagram showing a configuration 
of a transmitting apparatus according to Embodiment 2; 
25 FIG. 13 is a block diagram showing a configuration 

of a space-time block encoder; 

FIG.14A illustrates how signals are supplied to 
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antenna AN1 when transmission data represents w 0"; 

FIG.14B illustrates how signals are supplied to 
antenna AN 1 when transmission data represents "1"; 

FIG.15A illustrates how signals are supplied to 
5 antenna AN 2 when transmission data represents "0"; 

FIG.15B illustrates how signals are supplied to 
antenna AN 2 when transmission data represents "1"; 

FIG.16A illustrates a space-time block code pattern 
when transmission data represents xx 0 " ; 
10 FIG.16B illustrates a space-time block code pattern 

when transmission data represents "1"; 

FIG. 17 illustrates an actual frame configuration 
pattern ; 

FIG. 18 is a block diagram showing a configuration 
15 of a receiving apparatus according to Embodiment 2; 

FIG. 19 is a block diagram showing a configuration 
of a demodulator; 

FIG.20A illustrates a space-time block code pattern 
where transmission data represents "0" and space-time 
20 block codes are arranged in the time domain; 

FIG.20B illustrates a space-time block code pattern 
where transmission data represents "1" and space-time 
block codes are arranged in the time domain; 

FIG. 21 illustrates an actual frame configuration 
25 when space-time block codes are arranged in the time 
doma in ; 

FIG.22A illustrates a signal point constellation 
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pattern when transmission is done in the space-time block 
code pattern of equation (1); 

FIG.22B illustrates a signal point constellation 
pattern when transmission is done in the space-time block 
5 code pattern of equation (2); 

FIG.23A illustrates a space-time block code pattern 
when transmission data represents "0"; 

FIG.23B illustrates a space-time block code pattern 
when transmission data represents " 1 " ; 
10 FIG. 24 is a block diagram showing a configuration 

of a transmitting apparatus using an M-ary spread spectrum 
communication scheme ; 

FIG.25A illustrates an M-ary orthogonal code 
assignment when data representing "0" is sent; 
15 FIG.25B illustrates an M-ary orthogonal code 

assignment when data representing " 1 " is sent; 

FIG.26A illustrates a channel matrix when data 
representing "00" is sent; 

FIG.26B illustrates a channel matrix when data 
20 representing " 0 1 " is sent; 

FIG.26C illustrates a channel matrix when data 
representing "10" is sent; and 

FIG.26D illustrates a channel matrix when data 
representing " 1 1 " is sent. 

25 



Best Mode for Carrying Out the Invention 

[0018] Embodiments of the present invention will be 
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described below in detail with reference to the 
accompanying drawings . 
[0019] (Embodiment 1) 

FIG. 3 shows an overall configuration of 
5 multi-antenna communication system 10 of this embodiment . 
In multi-antenna communication system 10, transmitting 
apparatus 100 has multiple antennas AN1 and AN 2 and 
transmits signals at antennas AN 1 and AN2 simultaneously. 
Receiving apparatus 200 receives the multiple signals, 

10 transmitted simultaneously, in antenna AN 3 . The signal 
transmitted at antenna AN 1 is influenced by channel 
fluctuation hi (t) and received in antenna AN 3 . The signal 
transmitted at antenna AN2 is influenced by channel 
fluctuation h2(t) and received in antenna AN3 . 

15 [0020] FIG. 4 illustrates the configuration of 

transmitting apparatus 100 of the present embodiment. 
Transmitting apparatus 100 inputs a transmission digital 
signal (hereinafter simply "transmission data") in 
space-time block encoder 102. In accordance with frame 

20 configuration signal 110 generated in frame configuration 
signal generator 109, space-time block encoder 102 
subjects transmission data 101 to space-time block coding 
processing and sends space-time block code signals 103 
and 104 obtained, to spreaders 105-A and 105-B. 

25 [0021] Spreaders 105-A and 105-B multiply spreading 
codes upon space-time block code signals 103 and 104 and 
obtain spread signals 106-A and 106-B, and send these 



t 

10 

signals to radio sections 107-Aand 10 7-B . Radio sections 
107-A and 107-B subject spread signals 106-A and 106-B 
to predetermined radio processing including quadrature 
modulation and frequency conversion, and supply radio 
5 transmission signals 108-A and 108-B obtained, to 
antennas AN1 and AN2 . 

[0022] FIG. 5 illustrates a configuration of space-time 
block encoder 102. Space-time block encoder 102 first 
inputs transmission data 101 in data divider 120. Data 

10 divider 120 divides transmission data 101 into 
transmission data 101-A, 101-B and 101-C, and sends 
transmission data 101-A to modulator 121, transmission 
data 101-B to modulator 122, and transmission data 101-C 
to signal selector 127. 

15 [0023] Modulator 121 subjects transmission data 101-A 
to digital modulation processing such as QPSK (Quadrature 
Phase Shift Keying) and 16QAM (Quadrature Amplitude 
Modulation) modulation, and thereby obtains transmission 
symbol SI. For example, in QPSK, one transmission symbol 

20 SI is obtained from two-bit transmission data 101-A. 
Modulator 121 outputs transmission symbol SI obtained 
as modulation signal 123, and outputs its complex 
conjugate SI* as modulation signal 124. 

[0024] Likewise, modulator 122 subjects transmission 
25 data 101-B to digital modulation processing such as QPSK 
and 16QAM modulation and obtains transmission symbol S2 . 
Modulator 122 outputs transmission symbol S2 obtained 
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as modulation signal 125 and outputs its negative complex 
conjugate -S2* as modulation signal 126. 

[0025] Signal selector 127 divides modulation signals 
123 and 124 from modulator 121 and modulation signals 
5 125 and 126 from modulator 122 in an order in accordance 
with transmission data 101-C from data divider 120, and 
outputs these signals, assigned as output signal 103 and 
output signal 104 in accordance with transmission data 
101-C. By this means, space-time block code signals 103 
10 and 104 are made in different patterns in accordance with 
transmission data 101-C. Signal selector 127 inserts 
pilot signal 129, generated in pilot signal generator 
128, in a position in accordance with frame configuration 
signal 110 . 

15 [002 6] The process in signal selector 127 will be 
described in detail with reference to FIG' s . 6A and 6B, 
FIG's. 7A and 7B, FIG' s . 8A and 8B, and FIG. 9. FIG's.6A 
and 6B illustrate signal 103 and FIG' s . 7A and 7B illustrate 
signal 104. As shown in FIG.6A, when transmission data 

20 101-C represents "0," signal selector 127 transmits the 
symbols in the order of SI and then -S2* and thereby obtains 
signal 103. On the other hand, as shown in FIG.6B, when 
transmission data 101-C represents " 1 , " signal selector 
127 outputs the symbols in the order of S2 and then SI* 

25 and thereby obtains signal 103. 

[0027 ] In addition, as shown in FIG. 7A, when transmission 
data 101-C represents xx 0 , " signal selector 127 outputs 
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the symbols in the order of S2 and then SI* and thereby 
obtains signal 104. On the other hand, as shown in FIG . 7B, 
when transmission data 101-C represents "1," signal 
selector 127 outputs the symbols in the order of SI and 
5 then -S2* and thereby obtains signal 104. 

[0028] FIG's. 8A and 8B combine FIG's.6A and 6B and 
FIG' s.7A and 7B. In other words, when transmission data 
101-C represents "0," signal selector 127 makes 
space-time block code signals 103 and 104 in the pattern 
10 shown in FIG.8A. In contrast, when transmission data 
101-C represents "1," signal selector 127 makes 
space-time block code signals 103 and 104 in the pattern 
shown in FIG.8B. 

[0029] FIG. 9 illustrates an actual frame configuration 
15 pattern. The hatched portions in the figure represent 
the pilot symbols. At time i-1, modulated signals of the 
pilot symbols are transmitted at antennas AN 1 and AN2 . 
Following this, at time i and at time i + 1, space-time 
block code signals 103 and 104 are transmitted in the 
20 pattern associated with data "0." Furthermore, at time 
i+2 and i+3, space-time block code signals 103 and 104 
are transmitted in the pattern associated with data "1." 
[0030] In this way, transmitting apparatus 100 transmits 
data in symbols SI and S2 and transmits additional data 
25 by the pattern of the space-time blocks, so that it is 
possible to increase the amount of data that can be 
transmitted per unit time. 
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[0031] For example, a case will be contemplated here 
where modulators 121 and 122 perform QPSK modulation. 
Symbols SI and S2 can transmit two bit data per symbol 
and so the amount of data that can be transmitted in symbols 
5 SI and S2 during the period of time i and time i + 1 is 
four bits. In addition to this, one more bit can be 
transmitted by the pattern of the space-time block codes 
in the period of time i and time so that total 5 

bits can be transmitted. 
10 [ 0032 ] Incidentally, when modulator s 121 and 122 perform 
QPSK modulation, data divider 120 sends the first two 
bits of transmission data 101 to modulator 121, the next 
two bits to modulator 122, and one more bit to signal 
selector 12 7. 

15 [0033] FIG. 10 illustrates a configuration of receiving 
apparatus 200 that receives the space-time block code 
signals transmitted from transmitting apparatus 100. 
Receiving apparatus 200 inputs signal 201, received in 
antenna AN 3 , in radio section 202. Radio section 202 

20 subjects signal 201 to predetermined radio reception 
processing including frequency conversion and quadrature 
demodulation, and sends baseband signal 203 obtained, 
to despreader 204. Despreader 204 despreads baseband 
signal 203 and sends despread baseband signal 205 to first 

25 channel estimator 206, second channel estimator 207, 
synchronizer 210, and demodulator 212. 

[0034] First channel estimator 206 determines channel 
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fluctuation hi between antenna AN 1 and antenna AN3 based 
on the pilot symbol in the signal transmitted at antenna 
AN 1 , and sends the result as channel estimation signal 
208 , to demodulator 212. Second channel estimator 207 
5 determines channel fluctuation h2 between antenna AN 2 
and antenna AN3 based on the pilot symbol in the signal 
transmitted at antenna AN 2 , and sends the result as channel 
estimation signal 209, to demodulator 212. 
[0035] Synchronizer 210 synchronizes the signals 
10 transmitted at antennas AN 1 and AN 2 using the pilot symbols 
in the signals transmitted at antennas AN 1 and AN 2 and 
sends timing signal 211 for synchronization to 
demodulator 212 . 

[0036] FIG. 11 illustrates a configuration of 

15 demodulator 212. Demodulator 212 has detector 220 and 
matrix estimator 221, into which channel estimation 
signals 208 and 209, baseband signal 205, and timing signal 
211 are inputted. Matrix estimator 221 estimates the 
matrix pattern of the estimated channel matrix and thereby 
20 estimates as to in which pattern the space-time block 
codes are received. 

[0037] This will be explained in further details. A 
signal transmitted at antenna AN1 and a signal transmitted 
at antenna AN2 are combined and received in antenna AN 3 . 
25 This composite received signal at time t is R(t) . In 
addition, channel estimation values hi and h2 at time 
t are hl(t) and h2(t). Given these, the following 
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relationship equation is established when space-time 
block codes are transmitted in the pattern shown in FIG. 8A: 
[Equation 1] 

( r(o }j »(o hi(i) ysn 

^R(/ + 1)J ^2*(/ + l) -hl*(i + \)XS2) 

[0038 ] By contrast with this, the following relationship 
equation is established when space-time block codes are 
transmitted in the pattern shown in FIG.8B: 
[Equation 2] 



R(i) W h2(i) hl(i) Y5r 

R(J -hi)) {-hi* (i + 1) hi* (/ + 1) 



(2) 



10 [0039] Consequently, matrix estimator 221 estimates as 
to which one of equation (1) andequation (2) is established . 
In other words, channel estimator 221 estimates as to 
in which pattern transmitting apparatus 100 transmits 
the space-time block codes in the period of time i and 

15 time i + 1. For example, a method is possible that 
estimates SI and S2 utilizing equation (1) and equation 
(2) and then determines as to by which equation SI and 
S2 are estimated to be more reliable symbols. Then, when 
matrix estimator 221 estimates that equation (1) is more 

20 reliable than equation (2) , matrix estimator 221 outputs 
"0" as received data 215. On the other hand, when 
estimating that equation (2) is more reliable than 
equation (1) , matrix estimator 221 outputs xx l" as received 
data 215. 

25 [0040] This received data 215 is transmitted to detector 
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220 as well. When w O" is inputted as received data 215, 
detector 220 uses equation (1) and estimates symbols SI 
and S2 by calculating the inverse matrix of equation (1) , 
thereafter demodulates symbols SI and S2, and, by this 
5 means, obtains received data 213 corresponding to symbol 
SI and received data 213 corresponding to symbol S2 . On 
the other hand, when "1" is inputted as received data 
215, detector 220 uses equation (2) and estimates symbols 

51 and S2 by calculating the inverse matrix of equation 
10 (2), thereafter demodulates symbols SI and S2, and, by 

this means, obtains received data 213 corresponding to 
symbol SI and received data 213 corresponding to symbol 

52 . 

[0041] By this means, receiving apparatus 200 is able 
15 to demodulate all of the transmission data consisting 
of the data transmitted in the space-time block codes 
and the data transmitted by the pattern of the space-time 
block codes . 

[0042] Thus, when transmitting space-time block codes 
20 utilizing multiple antennas, the present embodiment 
changes the patterns of the space-time block codes 
according to transmission data. Consequently, the 
present embodiment has an advantage of transmitting data 
in excellent quality by virtue of the space-time block 
25 codes. Moreover, the present invention has an additional 
advantage of transmitting data by the pattern of the 
space-time block codes. The present embodiment thus 
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implements transmitting apparatus 100 that improves the 
transmission rate. 

[0043] In addition, the present embodiment features 
matrix estimator 221 and detector 220 separately. Matrix 
estimator 221 identifies the pattern of received 
space-time block codes and estimates the data transmitted 
by the pattern of the space time block codes. Detector 
220 is provided as a signal separator and demodulator 
that separates and demodulates the individual modulation 
signals forming the space-time block codes utilizing the 
estimated channel matrix estimated by matrix estimator 
221. Providing these elements, the present embodiment 
implements receiving apparatus 200 that restores all 
transmission data from space-time block code signals 
provided in varying patterns in accordance with 
transmission data. 

[0044] Although a case has been described above with the 
present embodiment where a spread spectrum communication 
scheme is employed, the present invention is by no means 
limited to this and is equally implementable when a spread 
spectrum communication scheme is not employed. 

[0045] (Embodiment 2) 

This embodiment proposes applying OFDM modulation 
to space-time block code signals, the pattern of which 
is subject to change in accordance with transmission data, 
and transmitting OFDM-modulated signals. 
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[0046] FIG. 4 illustrates the configuration of the 
transmitting apparatus of the present embodiment, in 
which parts that are identical to those in FIG. 4 are 
assigned the same numerals as in FIG. 4 without further 
5 explanation. Transmitting apparatus 300 has virtually 
the same configuration as that of transmitting apparatus 
100 in FIG. 4, except that space-time encoder 301 has a 
slightly different configuration and that transmitting 
apparatus 300 has S/P converters 304-A and 304-B, and 

10 inverse discrete Fourier transformers 306-A and 306-B. 
[0047] Transmitting apparatus 300 sends space-time 
block code signals 302 and 303, made in space-time block 
encoder 301, to S/P converters 304-A and 304-B, 
respectively. Parallel signals 305-A and 305-B, 

15 obtained through S/P converters 304-A and 304-B, are 
subjected to the inverse discrete Fourier transform in 
inverse discrete Fourier transformers 306-A and 306-B 
and are made OFDM signals 307-A and 307-B. OFDM signals 
307-A and 307-B are subjected to predetermined radio 

20 processing in radio sections 308-A and 308-B, made OFDM 
transmission signals 309-A and 309-B, and thereafter 
supplied to antennas AN 1 and AN2 . 

[0048] FIG. 13 illustrates the configuration of 

space-time block encoder 301. Parts in FIG. 13 that are 
25 identical to those in FIG. 5 are assigned the same numerals 
as in FIG. 5 without further explanation. Signal selector 
320 changes the pattern of space-time block codes in 
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accordance with transmission data 101-C. The selection 
process in signal selector 320 is virtually the same as 
that in signal selector 127 shown in FIG. 5, except that 
the present embodiment sends space-time block codes in 
5 an OFDM transmission scheme and implements slightly 
different selection patterns. 

[0049] The process in signal selector 320 will be 
described in detail with reference to FIG's. 14A and 14B, 
FIG's. 15A and 15B, and FIG's.l6A and 16B, and FIG. 17. 

10 FIG's. 14A and 14B illustrate OFDM signal 307-A and 
FIG's. ISA and 15B illustrate OFDM signal 307-B. As shown 
in FIG.14A, when transmission data 101-C represents " 0 , " 
signal selector 320 outputs symbol SI and symbol -S2* in 
signal 302. These symbols SI and -S2* are subjected to 

15 OFDM modulation through S/P converter 304-A and inverse 
discrete Fourier transformer 306-A, and, by this means, 
symbol SI and symbol -S2* are arranged in carrier 1 and 
in carrier 2, respectively, and transmitted at antenna 
AN1 . On the other hand, as shown in FIG.14B, when 

20 transmission data 101-C represents "1," signal selector 
320 outputs symbol S2 and symbol SI* in signal 302. These 
symbols S2 and SI* are subjected to OFDM modulation through 
S/P converter 304-A and inverse discrete Fourier 
trans former 306-A, and, by this means , symbol S2 and symbol 

25 Sl*are arranged in carrier 1 and in carrier 2, respectively, 
and transmitted at antenna AN 1 . 

[0050] Furthermore, as shown in FIG.15A, when 
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transmission data 101-C represents "0," signal selector 
320 outputs symbol S2 and symbol SI* in signal 303. These 
symbols S2 and SI* are subjected to OFDM modulation through 
S/P converter 304-A and inverse discrete Fourier 
5 trans forme r 306-A, and, by this means , symbol S 2 and s ymbol 
SI* are arranged in carrier 1 and in carrier 2 , respectively, 
and transmitted at antenna AN 2 . On the other hand, as 
shown in FIG. 15B, when transmission data 101-C represents 
"0," signal selector 320 outputs symbol SI and symbol 

10 -S2*insignal 303. These symbols SI and-S2* are subjected 
to OFDM modulation through S/P converter 304-B and inverse 
discrete Fourier transformer 306-B, and, by this means, 
symbol SI and symbol -S2* are arranged in carrier 1 and 
in carrier 2, respectively, and transmitted at antenna 

15 AN 2 . 

[0051] FIG's. 16A and 16B combine FIG's.l4A and 14B, and 
FIG's. 15A and 15B. When, transmission data 101-C 
represents "0," OFDM signals 307 -A and 307-Bare out putted 
at antenna AN 1 and AN2, respectively, in the symbol 

20 arrangement shown in FIG. 16A. That is, OFDM signal 307-A 
is transmitted at antenna AN 1 and with this OFDM signal 
307-B is transmitted at antenna AN 2 . On the other hand, 
when transmission data represents "1, " OFDM signals 307-A 
and 307-B are transmitted at antennas AN 1 and AN2, in 

25 the symbol arrangement shown in FIG.16B. 

[0052] FIG. 17 shows an actual frame configuration 
pattern. The hatched portions in the figure represent 



21 

the pilot symbols. At time i-1, modulated signals of the 
pilot symbols are transmitted at antennas AN 1 and AN 2 . 
Subsequently, at time i, OFDM-modulated space-time block 
codes are transmitted at antennas AN 1 and AN 2 . FIG. 17 
5 illustrates a case where the space-time code blocks in 
a pattern associated with transmission data "0" are 
transmitted using carrier 1 and carrier 2 of two antennas 
AN 1 and AN2, and where the space-time code blocks in a 
pattern associated with transmission data "1" are 

10 transmitted using carrier 3 and carrier 4 . 

[0053] Incidentally, in FIG. 17, for ease of 

understanding of the relationships represented in the 
figure, symbol SI and symbol S2 assigned to carrier 3 
and carrier 4 are shown with the same signs as symbol 

15 SI and symbol S2 assigned to carrier 1 and carrier 2. 
However, symbols SI and S2 assigned to carriers 1 and 
2 and symbols SI and S2 assigned to carriers 2 and 4 are 
different symbols obtained from different data. 
[0054 ] In this way, transmitting apparatus 300 transmits 

20 data in symbols SI and S2 of subcarrier 1 and subcarrier 

2 and transmits additional data by the pattern of the 
space-time block codes. Likewise, transmitting 
apparatus 300 transmits data in the symbols of subcarrier 

3 and subcarrier 4 and transmits additional data by the 
25 pattern of the space-time blocks. 

[0055] FIG. 18 shows a configuration of a receiving 
apparatus that receives OFDM signals transmitted from 
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transmitting apparatus 300. Receiving apparatus 400 
inputs OFDM signal 401 received in antenna AN 3 into radio 
section 402. Radio section 402 performs predetermined 
radio reception processing and sends baseband OFDM signal 
5 403 obtained, to discrete Fourier transformer 404. 
Discrete Fourier transformer 404 performs the Fourier 
transform of baseband OFDM signal 403, and sends 
Four ier- trans formed baseband signal 405 to first channel 
estimator 406, second channel estimator 4 07 , synchronizer 

10 410, and demodulator 412. 

[0056] In accordance with the pilot symbols in the 
carriers in the OFDM signal transmitted at antenna AN 1 , 
first channel estimator 406 finds channel fluctuation 
between antenna AN 1 and antenna AN 3 per carrier, and sends 

15 the results to demodulator 412 in channel estimation 
signal 408. In accordance with the pilot symbols in the 
carriers in the OFDM signal transmitted at antenna AN 2 , 
second channel estimator 407 finds channel fluctuation 
between antenna AN2 and antenna AN3 per carrier, and sends 

20 the results to demodulator 412 in channel estimation 
signal 409 . 

[0057] In accordance with the pilot symbols in the 
signals transmitted at antennas AN 1 and AN 2 , synchronizer 
410 synchronizes the signals transmitted at antennas AN 1 
25 and AN 2 and sends timing signal 411 for synchronization 
to demodulator 412. 

[0058] FIG. 19 shows the configurationof demodulator 4 12. 
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Demodulator 412 has detector 420 and matrix estimator 
421, into which channel estimation signals 408 and 409, 
baseband signal 405, and timing signal 411 are inputted. 
Matrix estimator 421 estimates the matrix pattern of the 
5 estimated channel matrix and thereby estimates as to in 
which pattern the space-time block codes are received. 
[0059] This will be explained in further details. A 
signal transmitted at antenna AN 1 and a signal transmitted 
at antenna AN2 are combined and received in antenna AN 3 . 

10 This composite received signal at time t is R(t) . In 
addition, channel estimation values hi and h2 at time 
t are hl(t) and h2(t). Given these, the following 
relationship equation is established when space-time 
block codes are transmitted in the pattern shown in 

15 FIG.16A: 

[Equation 3] 
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[0060] By contrast with this, the following relationship 
equation is established when space-time block codes are 
20 transmitted in the pattern shown in FIG.16B: 
[Equation 4 ] 
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[0061] Upon receiving a signal inthe frame configuration 
shown in FIG. 17, matrix estimator 421 estimates that 
25 carrier 1 and carrier 2 use the space-time block codes 



24 

in the pattern of equation (3), outputs "0" as received 
data 415, and reports this to detector 420. In addition, 
matrix estimator 421 estimates that carrier 3 and carrier 
4 use the space-time block codes in the pattern of equation 
5 (4), outputs "1" as received data 415, and reports this 
to detector 420. 

[0062] Detector 420 uses equation (3) in respect to 
carrier 1 and carrier 2 and calculates the inverse matrix 
of equation (3), thereby estimating symbols SI and S2, 

10 and thereafter demodulates symbols SI and S2, thereby 
obtaining received data 413 corresponding to symbol SI 
and received data 414 corresponding to symbol S2. 
Detector 420 uses equation (4) in respect to carrier 3 
and carrier 4 and calculates the inverse matrix of equation 

15 (4), thereby estimating symbols SI and S2 (in practice 
these symbols SI and S2 are different from symbols SI 
and S2 in carriers 1 and 2), and thereafter demodulates 
symbols SI and S2, thereby obtaining received data 413 
corresponding to symbol SI and received data 414 

20 corresponding to symbol S2. 

[0063] In this way, receiving apparatus 400 is able to 
restore all of the transmission data including the data 
transmitted in the space-time block codes and the data 
transmitted by the pattern of the space-time block codes. 

25 [0064 ] Thus, when transmitting OFDM signals by ass igning 
space-time block codes to the subcarriers, the present 
embodiment changes the pattern of the space-time block 



25 

codes according to transmission data. Consequently, the 
present embodiment has an advantage of transmitting data 
in excellent quality by virtue of the space-time block 
codes . Moreover, the present invention has an additional 
5 advantage of transmitting data by the pattern of the 
space-time block codes. The present embodiment thus 
makes possible improved data transmission rates. 
[0065] In particular, assigning space-time block codes 
to the individual subcarriers of OFDM signals increase 

10 the number of space-time block codes that can be 
transmitted per unit time, so that the amount of 
transmission data per unit time also increases. 
[0066] Although a case has been described above with the 
present embodiment where space-time block codes are 

15 assigned to multiple carriers (that is, assigned in the 
frequency domain), the present invention is by no means 
limited to this, and, as shown in FIG's.20A and 20B and 
FIG. 21, it is equally possible to assign space-time block 
codes to a single carrier (e.g. carrier 1 in FIG's.20A 

20 and 20B, and FIG. 21) and assign the space - 1 ime code blocks 
in the time domain . In this case, it is certainly possible 
to assign other space-time block codes to other 
subcarriers 2, 3 and 4 as well. 

[0067 ] This will be explained in further details. When 
25 transmission data represents "0, " OFDM signals 307-A and 
307-B, shown in FIG.20A, are transmitted at antennas AN 1 
and AN 2 . On the other hand, when transmission data 
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represents " 1 , " OFDM signals 307-A and 307-B, shown in 
FIG.20B, are transmitted at antennas AN 1 and AN 2 . 
[0068 ] FIG. 21 illustrates an actual frame configuration 
pattern. At time i-1, modulated signals of the pilot 
5 symbols are transmitted. Following this, at time i and 
time i+1, the space-time block codes are arranged in 
carrier 1 in a pattern associated with data "0" and 
transmitted, and, at subsequent times i + 2 and i + 3, the 
space-time block codes are arranged in carrier 1 in a 

10 pattern associated with data " 1 " and transmitted. 

[0069] The arrangement of the space-time code blocks in 
the carriers can employ any method, including the method 
of arranging the space-time block codes in the frequency 
domain as shown in FIG's.l6A and 16B, and FIG. 17, the 

15 method of arranging the space-time block codes in the 
time domain as shown in FIG's.20A and 20B and FIG. 21, 
and the method of arranging the space-time code blocks 
both in the frequency domain and in the time domain. 
[ 0070] Although case has been described with the present 

20 embodiment where an OFDM scheme is employed, the present 
embodiment achieves the same advantages using other, 
non-OFDM mul t i -car r ier schemes. 

[0071] (Embodiment 3) 
25 In this embodiment, the method of identifying the 

pattern of received space-time block codes at the 
receiving apparatus end will be described in detail. 
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[0072] For example, Embodiment 1 was designed to obtain 
one bit data by identifying at the receiving end as to 
whether a signal is transmitted in equation (1) or in 
equation (2) . The identifying method will be described 
5 in detail in this embodiment. 

[0073] In practice, in Embodiment 1, matrix estimator 
221 of FIG. 11 identifies the pattern of space-time block 
codes. Accordingly, the process in estimator 221 will 
be described below in detail. A case will be described 

10 here in this embodiment where modulators 121 and 122 of 
transmitting apparatus 100 perform QPSK modulation. 
[0074] From input of hi (208) and h2 (209), channel 
estimator 221 finds sixteen candidate signal points at 
time i and sixteen candidate signal points at time i+1. 

15 FIG's. 22A and 22B each show an example . In FIG's.22A and 
22B, "o" represents a candidate signal point and " * " 
represents the receiving point. In addition, 
represents a candidate signal point for the combination 
(00, 00) of two bits transmitted in symbol SI and two 

20 bits transmitted in symbol S2 . Likewise, any combination 
of two bits transmitted in transmission symbol SI and 
two bits transmitted in symbol S2 is expressed in one 
of sixteen candidate signal points (00, 00) through (11, 
11) . 

25 [0075] FIG.22A illustrates signal points at time i and 
time i+1 where a signal employing the space-time block 
code pattern of equation (1) is received. FIG.22B 



28 

illustrates signal points at time i and time i + 1 where 
a signal employing the space-time block code pattern of 
equation (2) is received. 

[0076] Matrix estimator 221 identifies as to whether the 
5 signal was transmitted in the pattern in FIG.22A or in 
the pattern in FIG.22B, based on the Euclidian distance 
between the receiving point and each candidate signal 
points . 

[0077] This will be explained in further details. 

10 Assuming the conditions where the signal was transmitted 
in equation (1) and the signal points are provided as 
shown in FIG.22A, matrix estimator 221 first finds the 
square of the Euclidian distance between the signal 
receiving point and candidate signal points. For 

15 instance, if the square of the Euclidian distance between 
the candidate signal point for (00, 00) and the signal 
receiving point at time i is DxOOOO (i) , and if the square 
of the Euclidian distance between the candidate signal 
point for (00, 00) and the signal receiving point at time 

20 i + 1 is DxOOOO (i + 1) , the square of the Euclidian distance 
between (00, 00) and the receiving signal points is found 
as follows: DxOOOO = Dx0000(i) + Dx0000(i+1). The same 
is found in respect to DxOOOl through Dxllll. 
[0078] Likewise, assuming the conditions where the 

25 signal was transmitted in equation (2) and the signal 
points are provided as shown in FIG.22B, matrix estimator 
221 first finds the square of the Euclidian distance 
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between the signal receiving point and candidate signal 
points . The signal receiving point has the same position 
as in the case of equation (1), yet the candidate signal 
points have different positions. For instance, if the 
5 square of the Euclidian distance between the candidate 
signal point for (00, 00 ) and the signal receiving point 
at time i is DyOOOO (i) , and if the square of the Euclidian 
distance between the candidate signal point for (00, 00) 
and the signal receiving point at time i + 1 is DyOOOO (i + 1) , 
10 the square of the Euclidian distance between (00, 00) 
and the receiving signal points is found as follows: DyOOOO 
= Dy0000(i) + Dy0000(i + 1) . The same is found in respect 
to DyOOOl through Dyllll. 

[0079] Matrix estimator 221 searches for minimum value 
15 Dx,min from DxOOOO through Dxllll and likewise searches 
for minimum value Dy,min from DyOOOO through Dyllll. Next, 
channel estimator 221 compares Dx,min and Dy,min and 
determines the smaller one to be more reliable, and 
identifies the space-time block code pattern. 
20 [0080] When Dx,min > Dy,min, Matrix estimator 221 
determines that the signal was sent in the space-time 
block code pattern of equation (2) and obtains data 
representing "1" as received data 215 . On the other hand, 
when Dy,min > Dx,min, channel estimator 221 determines 
25 that the signal was sent in the space-time block code 
pattern of equation (1) and obtains data representing 
"0" as received data 215. 
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[0081] In this way, channel estimator 221 is able to 
obtain receive data 215. 

[0082] Although a case has been described with this 
embodiment where whether a signal is transmitted in the 
5 space-time block code pattern of equation (1) or in the 
space-time block code pattern of equation (2), is 
determined based solely on minimum values, the present 
invention is by no means limited to this, and it is equally 
possible to make that determination based on multiple 

10 Dx values and multiple Dy values. 

[0083] In addition, although this embodiment has been 
described in conjunction with a method of identifying 
the pattern of space-time blocks in a signal transmitted 
from the transmitting apparatus of embodiment 1, the 

15 present invention is by no means limited to this, and 
variations are possible as long as reliability is compared 
between space-time block code patterns based on the 
Euclidian distance between the receiving point and 
candidate signal points. By this means, when multiple 

20 types of space-time block code patterns are in use, it 
is still possible to identify which space-time block code 
pattern is used. 

[0084] (Other Embodiments) 
25 Cases have been described above in Embodiment 1 and 

Embodiment 2 where two transmit antennas are provided 
and one receive antenna is provided. However, the present 
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invention is by no means limited to this and is equally 
implementable when more than two antennas are provided 
and space-time block codes are used, for example, as 
introduced in "Space-time block codes from orthogonal 
5 designs, " IEEE Transactions on Information Theory, 
pp . 1456-14 67 , Vol.45, No. 5, July 1999, or in "A 
quasi-orthogonal space-time block code," IEEE 
Transactions on Communications, pp. 1-4, Vol.49, No.l, 
January 2001. 

10 [0085] In addition, as obvious from equation (1) and 
equation (2), a case has been described above with 
Embodiment 1 where the antennas, to which symbols are 
supplied, are switched in accordance with transmission 
data and by this means the patterns of space-time block 

15 codes are formed by replacing the row components of matrix . 
However, as shown in Fig's. 23A and 23B, it is equally 
possible to employ space-time block code patterns that 
replace the column components of matrix and change the 
order in which symbols are outputted in accordance with 

20 transmission data. Moreover, the use of the pattern 
making method in Embodiment 1 and the pattern making method 
in FIG's. 23A and 23B in combination would make four 
possible patterns, so that two bit data can be transmitted 
in addition to the symbol information making space-time 

25 block codes . 

[0086] In particular, if more than four antennas are 
provided, several space-time block coding schemes have 
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already been proposed that achieve diversity gain, such 
as introduced in the above-mentioned references. The 
present invention may be designed to select one of these 
space-time block coding schemes in accordance with 
5 transmission data and perform data transmission. The 
receiving end identifies which coding scheme is used from 
the matrix pattern and obtains the data. In other words, 
space-time block code patterns are not limited to those 
described in Embodiment 1 and Embodiment 2, and various 
10 patterns are equally applicable as long as diversity gain 
is achieved at the receiving end. 

[0087] Moreover, it is possible to make patterns by 
adaptively combining various pattern making methods 
utilizing different coding schemes , including the pattern 

15 making method explained in Embodiment 1 and the pattern 
making method illustrated in FIG's.23A and 23B. In this 
way, it is possible to make a large number of space-time 
block code patterns, so that the amount of data that can 
be transmitted by space-time block code patterns further 

20 increases . 

[0088] Furthermore, the present invention may be 
regarded as one that modulates channel estimation 
matrices in accordance with transmission data. By this 
means , it becomes possible to carry information on channel 

25 estimation matrices and increase the amount of 
transmission data . In other words, the present invention 
is broadly applicable to cases where the patterns in which 
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symbol blocks are supplied to antennas are selected in 
accordance with transmission data. Embodiments 1 and 2 
above utilize space-time block codes as symbol blocks. 
[0089] Furthermore, a further application of the present 
5 invention is possible that fixes the signal points of 
symbols SI and S2 and transmits data by means of only 
channel estimation matrices modulated by transmission 
dat a . 

[0090] Although cases with space-time blocks have been 
10 described above with Embodiments 1 and 2, the transmitting 
apparatus of the present invention may be provided with 
a baseband signal former that changes the manner of 
assigning a modulated signal to a plurality of slots in 
accordance with transmission data and makes baseband 
15 signals in varying channel matrix patterns in accordance 
with transmission data. Bythis means , as explained above 
with Embodiments land2, datacanbetransmittedbychannel 
matrix patterns, so that data transmission rate can be 
improved . 

20 [0091] In addition, the receiving apparatus of the 
present invention may be provided with a channel matrix 
estimator that estimates a channel matrix using a 
plurality of slots of data, and a transmission data 
estimator that estimates transmission data based on a 

25 data assignment pattern to the channel matrix. By this 
means, transmission data can be estimated by the channel 
matrix pattern. 
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[0092] Nowa simplified example of channel matrix pattern 
generation and differences from conventional M-ary spread 
spectrum communication scheme will be described. A case 
will be described here where there is one transmit antenna 
5 and one receive antenna. 

[0093] FIG. 24 shows the configuration of a transmitting 
apparatus using an M-ary spread spectrum communication 
scheme. The sequence generators (sequence 1 generator 
501-1 to sequence M generator 501-M) generate spreading 

10 codes 503-1 to 503-M that are orthogonal with each other. 
Selector 504 receives orthogonal spreading codes 503-1 
to 503-M, selects one of orthogonal spreading codes 503-1 
to 503-M in accordance with transmission data 502, and 
outputs this to radio section 506 as baseband signal 505. 

15 Radio section 506 performs processing including 
quadrature modulation, band restriction, frequency 
conversion, signal amplification, etc., with baseband 
signal 505, obtains transmission signal 507, and 
transmits this to antenna 508. 

20 [0094] Features of this M-ary spread spectrum 

communication scheme include the following two: spreading 
codes 503-1 to 503-M of sequence 1 to sequence M are 
orthogonal sequences (that have little 

cross-correlation); and, data transmission rate 

25 decreases by the proportion of spreading gain. 

[0095] As an example, a frame configuration will be 
described for when M-ary spread spectrum communication 
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scheme is used with two slots in the time domain. As shown 
in FIG . 2 5 , when t ransmi ssion data represents "0," at time 
i, (I, Q) = (1, 1) is transmitted, and, at time i + 1, 
(I, Q) = (1, 1) is transmitted. On the other hand, when 
5 transmission data represents "1," at time i, (I, Q) = 
(1, -1) is transmitted, and, at time i + 1, (I, Q) = (1, 
-1) is transmitted. Now, if the received signal at time 
i is R(i), the received signal at time i + 1 is R(i + 
1) and the transmission coefficient is h(t), equation 
10 (5) is established when transmission data represents "0" 
and equation (6) is established when transmission data 
represents "1." 
[Equation 5] 
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15 [Equation 6] 

f R{i) \J h(i) /,(/) Yl 
L*(/ + 1)J {-Ki + l) -h(i + Y)){l 

[0096] In the spread spectrum communication scheme, as 
shown in the equations above, representation in matrix 
is possible. However, the M-ary spread spectrum 

20 communication scheme and the present invention have the 
following differences. Features of the M-ary spread 
spectrum communication scheme include the following: a 
spreading sequence is the base and matrix is generated 
using orthogonal sequences (that have little 

25 cross-correlation) ; and that it is a technique for 
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achieving spreading gain, not for improving data 
transmission rate (frequency usage efficiency) , and does 
not present differences in transmission rate such as 
represented in the relationship between QPSK and 1 6 QAM . 
5 [0097] In contrast, with the method of the present 
invention for transmitting data using channel matrix 
patterns, data transmission rate (frequency usage 
efficiency) can be improved. FIG. 26 shows the frame 
configuration in the method of the present invention for 

10 transmitting data using channel matrix patterns. FIG. 26 
presents two slots in the time domain. Although a case 
will be described here with reference to time domain slots, 
the case of forming a channel matrix with frequency domain 
slots is equally applicable. 

15 [0098] When transmission data represents "00," at time 
i/ (If Q) = (1/ 3) is transmitted, and at time i + 1, 
(I, Q) = (3, 1) is transmitted. When transmission data 
represents "01, " at time i, (I, Q) = (-1, 3) is transmitted, 
and at time i + 1, (I, Q) = (3, -1) is transmitted. When 

20 transmission data represents " 1 0 , " at time i, (I, Q) = 
(1, 3) is transmitted, and at time i + 1, (I, Q) = (-3, 
1) is transmitted. When transmission data represents 
"11," at time i, (I, Q) = (3, 1) is transmitted, and at 
time i + 1, (I, Q) = (-3, 1) is transmitted. 

25 [0099] Now, if the received signal at time i is R(i), 
the received signal at time i + 1 is R(i + 1) and the 
transmission coefficient is h(t), equation (7) is 
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20 



established when transmission data represents "00," 
equation (8) is established when transmission data 
represents " 0 1 , " equation (9) is established when 
transmission data represents "10," and equation (10) is 
established when transmission data represents "11." 
[ Equation 7 ] 
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[Equation 10] 
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[0100] Thus, in comparison, the present invention 
differs from the spread spectrum communication scheme 
in not using orthogonal sequences (that have little 
cross-correlation) and in not determining spreading gain. 
In addition, compared to the M-ary scheme, the present 
invention has distinct advantages of improving data 
transmission rate (frequency usage efficiency) . In 
other words, the present invention is able to present 
differences in transmission rate such as represented by 
the relationship between QPSK and 16QAM. 
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[0101] Although a case has been described above for ease 
of explanation where there is one transmit antenna and 
one receive antenna, the present invention is by no means 
limited to this. For example, if there are two transmit 
5 antennas and two receive antennas, each of above equation 
(7) to equation (10) will be a 4 x 4 channel matrix. That 
is, at the transmitting end, by changing the manner of 
assigning a modulated signal to a plurality of slots in 
accordance with transmission data, a baseband signal that 

10 is equivalent to a 4 x 4 channel matrix is generated and 
transmission is done representing data by the channel 
matrix pattern. Then, at the receiving end, the 4x4 
channel matrix is estimated using a plurality of slots 
of data and transmission data is estimated based on the 

15 data assignment pattern to the channel matrix. That is, 
the present invention is applicable to MIMO communication, 
and, when the present invention is applied to MIMO 
communication, channel matrix patterns can be increased, 
so that the amount of data transmitted by channel matrix 

20 patterns can be increased. 

[0102] Incidentally, Embodiment 2 presents a case using 
space-time block codes, where diversity gain can be 
achieved and data transmission rate can be improved. 
[0103] As described with the above-described 

25 embodiments, the present invention can be implemented 
in various ways . 

[0104] One aspect of the transmitting apparatus of the 
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present invention employs a configuration having: a 
baseband signal former that changes an assignment of a 
modulated signal to a plurality of slots in accordance 
with transmission data and makes baseband signals in 
5 varying channel matrix patterns in accordance with 
transmission data; a radio section that converts the 
baseband signals to radio signals; and a transmit antenna 
that transmits the radio signals. 

[0105] According to this configuration, channel matrix 
10 patterns are changed in accordance with transmission data, 
so that, in addition to the modulated symbols constituting 
the elements of the channel matrix, the patterns of the 
channel matrix can be used to transmit data. As a result, 
the amount of transmission data can be increased without 
15 widening the frequency band and frequency usage 
efficiency can be improved. 

[0106] Another aspect of the transmitting apparatus of 
the present invention employs a configuration where a 
transmit antenna is comprised of a plurality of antennas 
20 and a baseband signal former makes baseband signals in 
varying channel matrix patterns in for the plurality of 
antennas . 

[0107] According to this configuration, data can be 
transmitted using channel matrix patterns for a plurality 
25 of antennas, so that the amount of transmission data can 
be further increased. Furthermore, according to this 
configuration, the amount of transmission data in MIMO 
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communication can be increased. 

[0108] Another aspect of the transmitting apparatus of 
the present invention employs a configuration where a 
transmit antenna is comprised of a plurality of antennas 
5 and a baseband signal former has a space-time block encoder 
that changes a pattern of a space-time block code in 
accordance with transmission data. 

[0109] According to this configuration, data 

transmission can be performed in good quality by virtue 
10 of space-time block codes, and, in addition, data can 
be transmitted by the patterns of in space-time block 
codes, so that the amount of transmission data can be 
increased . 

[0110] Another aspect of the transmitting apparatus of 
15 the present invention employs a configuration where the 
space -time block encoder has: a first modulator that makes 
a first transmission symbol from transmission data; a 
second modulator that makes a second transmission symbol 
from the transmission data; and a signal selector that 
20 receives the first and second transmission symbols, 
outputs to the plurality of antennas the first and second 
transmission symbols and signals representing complex 
conjugates of said first and second symbols, by changing 
an order of said first and second symbols and the complex 
25 conjugate signals in accordance with transmission data, 
and makes a space-time block code signal. 
[0111] According to this configuration, with the signal 
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selector, space-time block code signals are obtained in 
varying patterns in accordance with transmission data, 
so that, in addition to data transmitted by space-time 
block codes formed with the first and second modulated 
5 symbols , data can be transmitted by the patterns of 
space-time block code signals. 

[0112] Another aspect of the transmitting apparatus of 
the present invention employs a configuration having a 
multi-carrier modulator that assigns a signal made in 
10 the space -time block encoder to a plurality of subcarriers, 
where the space-time block code signal is subjected to 
mul ti -carrier modulation and transmitted at the plurality 
of antennas . 

[0113] According to this configuration, the amount of 
15 transmission data can be increased when, for example, 
space-time block codes are transmitted by the OFDM scheme . 
[0114] One aspect of the receiving apparatus of the 
present invention employs a configuration having a 
channel matrix estimator that estimates a channel matrix 
20 using a plurality of slots of data; and a transmission 
data estimator that estimates transmission data based 
on a data assignment pattern to the channel matrix. 
[0115] Another aspect of the receiving apparatus of the 
present invention employs a configuration where a 
25 transmission data estimator identifies a pattern of 
space-time block codes received and estimates 
transmission data. 
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[0116] Another aspect of the receiving apparatus of the 
present invention employs a configuration where a 
transmission data estimator identifies a pattern of an 
estimated channel matrix employed between a transmit 
5 antenna and a receive antenna and identifies the pattern 
of the space-time block codes. 

[0117] According to these configurations, in addition 
to data transmitted by space-time block cods, data that 
is transmitted by the patterns of space-time block codes 

10 can be restored. 

[0118] One aspect of the wireless communication method 
of the present invention has the steps of changing an 
assignment of a modulated signal to a plurality of slots 
in accordance with transmission data and making baseband 

15 signals in varying channel matrix patterns in accordance 
with transmission data, and transmitting the baseband 
signals; and estimating a channel matrix using a plurality 
of sots of data and estimating transmission data based 
on a data assignment pattern to the channel matrix. 

20 [0119] The present invention is not limited to the above 
described embodiments, and various variations and 
modifications may be possible without departing from the 
scope of the present invention. 

[0120] This application is based on Japanese Patent 
25 Application No . 2004-37088 filed on February 13, 2004 , 
and Japanese Patent Application No . 2004-361105 filed on 
December 14, 2004 , entire content of which is expressly 
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incorporated by reference herein. 

Indus trial Appli cabi li ty 

The present invention is applicable to base stations 
in a wireless LAN (Local Area Network) and terminals 
thereof, and base station in a mobile communication system 
and terminals thereof. 
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[ FIG . 1 ] 
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5 [FIG. 2] 
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[FIG. 3 ] 

10 100 TRANSMITTING APPARATUS 
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[FIG. 4] 

15 100 TRANSMITTING APPARATUS 

102 SPACE-TIME BLOCK ENCODER 
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107-A, 107-B RADIO SECTION 

109 FRAME CONFIGURATION SIGNAL GENERATOR 

20 

[FIG , 5 ] 
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[FIG's. 6A, 6B, 7A, 7B, 8A, and 8B] 
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[FIG. 9] 
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10 [FIG. 10] 
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[FIG. 11] 
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[FIG. 12] 
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308-A, 308-B RADIO SECTION 
[FIG. 13] 
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10 [FIG's. 14A, 14B, 15A, 15B, 16A, and 16B] 
Please refer to FIG's. 6-8 
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15 [FIG. 17] 
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20 [FIG. 18] 
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[FIG. 19] 
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[FIG' s . 20A and 20B] 
Please refer to FIG. 16 

[FIG. 21] 
10 Please refer to FIG. 17 

[FIG's. 22A and 22B] 
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[FIG's. 23A and 23B] 
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20 [FIG. 24] 
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501-M SEQUENCE M GENERATOR 
502 TRANSMISSION DATA 

25 504 SELECTOR 

506 RADIO SECTION 
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[ FIG ' s • 2 5 A and 25B] 

WHEN DATA REPRESENTING " 0 " IS SENT 
WHEN DATA REPRESENTING " 1 " IS SENT 

5 FIG's. 26A, 26B, 26C and 26D 

WHEN DATA REPRESENTING " 0 0 " IS SENT 

WHEN DATA REPRESENTING "01" IS SENT 

WHEN DATA REPRESENTING "10" IS SENT 

WHEN DATA REPRESENTING "11" IS SENT 
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